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Axial-vector currents and τ mesonic decays
Bing An Lia∗
aDepartment of Physics and Astronomy, Univ. of Kentucky,
Lexington, Kentucky
A general expression of the axial-vector current is presented, in which both the effects of the chiral symmetry
breaking and the spontaneous chiral symmetry breaking are included. A new resonance formula of the axial-vector
meson is derived and in the limit of q2 → 0 this formula doesn’t go back to the “chiral limit“. The studies show
that the dominance of the axial-vector meson is associated with the satisfaction of PCAC. The dominance of pion
exchange is companied by the strong anomaly of PCAC.
1. INTRODUCTION
The τ mesonic decays have been studied by
many authors[1]. Chiral symmetry play an im-
portant role in studying τ mesonic decays. In the
theory of τ mesonic decays there are three parts:
vector currents; axial-vector currents; meson ver-
tices. The vector currents are treated by VMD.
In the chiral limit, we have
LV = gW
4fρ
cosθC{−1
2
(∂µA
i
ν − ∂νAiµ)(∂µρiν − ∂νρiµ)
+Aiµj
iµ}, (1)
jiµ is derived by the substitution
ρiµ →
gW
4fρ
cosθCA
i
µ (2)
in the vertices involving ρ mesons.
There are three terms in the axial-vector cur-
rent. It is known for a long time that a1 me-
son is the chiral partner of the ρ meson, there-
fore, there should be a term which is similar with
VMD, axial-vector meson dominance. However,
a1 is much heavier than ρ and the mass difference
is resulted in spontaneous chiral symmetry break-
ing. The second term is related to the mass dif-
ference of a1 and ρ meson. The third term comes
from the coupling between the pion and W-boson.
Combining these three terms, the general expres-
sion of the axial-vector current is obtained
LA = − gW
4fa
cosθC{−1
2
(∂µA
i
ν − ∂νAiµ)
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(∂µa
i
ν − ∂νaiµ) +AiµjiWµ }
−gW
4
cosθC∆m
2faA
i
µa
iµ
−gW
4
cosθCfpiA
i
µ∂
µπi, (3)
where jiWµ is determined by
aiµ →
gW
4fa
cosθAiµ.
There are two parameters fa and ∆m
2. Using
Weinberg’s first sum rule and the mass difference
between ρ and a1 meson, the two parameters are
determined
f2a = f
2
ρ (1−
f2pif
2
ρ
m2ρ
)
m2a
m2ρ
, ∆m2 = f2pi(1−
f2pif
2
ρ
m2ρ
)−1.(4)
An effective chiral theory of pseudoscalar,
vector, and axial-vector mesons has been pro-
posed[2], in which the meson fields are simulated
by quark operators. For example,
ρiµ = −
1
gρm2ρ
ψ¯τiγµψ.
The realization of quark operator forms of meson
fields is done by constructing a proper Lagrangian
L = ψ¯(x)(iγ · ∂ + γ · v + γ · aγ5 −mu(x))ψ(x)
−ψ¯(x)Mψ(x)
+
1
2
m20(ρ
µ
i ρµi + ω
µωµ + a
µ
i aµi + f
µfµ) (5)
where aµ = τia
i
µ + fµ, vµ = τiρ
i
µ + ωµ, and
u = expiγ5(τiπi + η). This theory has follow-
ing features: chiral symmetry; spontaneous chi-
ral symmetry breaking; quark condensate; Vec-
tor Meson Dominance(VMD) is a natural result;
Weinberg sum rule and KSFR sum rule are satis-
fied; Wess-Zumino-Witten Lagrangain is the lead-
ing term of the imaginary part of the effective La-
grangian; constituent quark mass is determined;
large NC expansion is revealed and all loop di-
agrams of mesons are at higher order; two pa-
rameters of Chiral Perturbation Theory are de-
termined in the chiral limit; there are five param-
eters: three current quark masses, a cut-off, and
a universal coupling constant which is chosen to
be g = 0.39; theoretical results of masses, decay
widths, ππ scattering agree with data well. This
theory is QCD inspired, self-consistent, and phe-
nomenologically successful. The cut-off Λ is de-
termined to be 1.6GeV which makes the theory
suitable for the studies of τ mesonic decays. In
this theory they are determined: Γρ = 142MeV
and ma = 1.20GeV .
We have applied this theory to study τ mesonic
decays[3]. The VMD is a natural result of this
theory and the expression of the axial-vector cur-
rent is derived. The meson vertices of the τ de-
cays are found from the effective Lagrangaian of
mesons[2,3]. Therefore, this theory provides a
unified study for τ mesonic decays. There are
additional features in the studies of τ mesonic
decays[3]:
1. The vertex VPP depends on momentum.
For example, fρpipi derived from the effec-
tive Lagrangian[3] is no longer a constant,
but a function of q2
fρpipi(q
2) =
2
g
{1 + q
2
2π2f2pi
[(1 − 2c
g
)2 − 4π2c2]},
where c =
f2pi
2gm2ρ
. The radius of the charged
pion is determined to be
r2pi =
6
m2ρ
+
3
π2f2pi
{(1− 2c
g
)2 − 4π2c2}
= 0.447fm2
which is in excellent agreement with data.
2. The vertex AVP depends on momentum.
La1ρpi = ǫijk{Aaiµρjµπk −Baiµρjν∂µνπk},
A =
2
fpi
gfa{ m
2
a
g2f2a
−m2ρ
+p2[
2c
g
+
3
4π2g2
(1− 2c
g
)]
+q2[
1
2π2g2
− 2c
g
− 3
4π2g2
(1− 2c
g
)]},
B = − 2
fpi
gfa
1
2π2g2
(1− 2c
g
),
where p and q are momentum of ρ and a1
respectively.
3. The resonance formula of the axial-vector
meson takes a new form
∆m2f2a −m2a + i
√
q2Γa(q
2)
q2 −m2a + i
√
q2Γa(q2)
,
where ∆m2f2a is related to the spontaneous
chiral symmetry breaking. In the limit of
q2 → 0 this formula doesn’t go to the ”chiral
limit”.
4. The normalization constants of the vector
and the axial-vector mesons are different.
The tree diagrams are at the leading order in large
NC expansion. All the calculations are done at
the tree level.
2. a1 dominance in τ → πππν
The vertices a1ρπ, ρππ,Wρπ contribute to this
decay mode. This theory explains the existence
of a ρ resonance in the final state of this decay
mode. There is a cancelation between the dia-
grams. After taking the cancelation into account,
we obtain
< ρ0π−|ψ¯τ−γµγ5ψ|0 >= i√
4ωE
(
qµqν
q2
− gµν)
(Agνλ +Bkνkλ)ǫ
∗ν
σ
g2fam
2
ρ − if−1a
√
q2Γa(q
2)
q2 −m2a + i
√
q2Γa(q2)
(6)
The a1 dominance in τ → ρπν is revealed and
the dominance is caused by the cancelation which
leads to the axial-vector current conservation in
the chiral limit. The branching ratios are com-
puted to be
B(τ → π+π−π−ν) = B(τ → π−π0π0ν) = 6.3%.
The decay width is determined to be
Γa = 386MeV.
The ratio of the decay amplitudes of the a1 me-
son, d/s, is calculated to be -0.098. These results
are in reasonable agreement with the data.
3. a1 dominance in τ → f1πν
f1 meson is the chiral partner of ω meson[2]
and the mass formula of f1 meson is derived in
Ref.[2]
(1− 1
2π2g2
)m2f1 = 6m
2 +m2ω, mf1 = 1.21GeV.
The vertex of f1(1285)a1π
Lf1a1pi = 1
π2fpi
1
g2
(1− 1
2π2g2
)−1εµναβfµ∂νπ
i∂αa
i
β
is from the Wess-Zumino-Witten anomaly and it
is used to calculate the decay rate of this decay
mode. The narrow width of the decay f1 → ρππ
is revealed from this vertex[2]. a1 is dominant in
τ → f1πν.
B(τ → f1πν) = 2.91× 10−4.
The data is (6.7± 1.4± 2.2)× 10−4(CLEO recent
measurement).
4. Effective Lagrangian of ∆s = 1 weak in-
teractions
Using the K∗ fields to substitute the ρ fields
in Eq.(1), the VMD of ∆s = 1 is obtained. In
Ref.[2] the chiral partner of K∗(892) meson, the
K1 meson, is coupled to
ψ¯λaγµγ5ψ.
The mass of this K1 meson is derived as
(1− 1
2π2g2
)m2K1 = 6m
2 +m2K∗ ,
mK1 = 1.32GeV.
It is lower than the mass of K1(1400) and greater
than K1(1270)’s mass. The widths of three decay
modes (K1 → K∗π, Kρ, Kω) are calculated[2].
It is found that K∗π channel is dominant, how-
ever, B(Kρ) is about 11%. The data shows that
the branching ratio of K1(1400) decaying into
Kρ is very small. Therefore, the meson coupled
to the quark axial-vector current is not a pure
K1(1400) state, instead, it is a mixture of the
two K1 mesons. It is Ka.
Ka = cosθK1(1400) + sinθK1(1270),
Kb = −sinθK1(1400) + cosθK1(1270).
In this theory the amplitude of τ → Kaν is from
the tree diagrams and at O(NC) [2]. The produc-
tion of Kb in τ decay is through loop diagrams
of mesons which is at O(1) in large Nc expan-
sion[2]. This theory predicts a small branching
ratio for Kb production in τ decays. The axial-
vector current of ∆s = 1 is obtained by using Ka
to substitute a1 in Eq.(3).
5. τ → K∗πν
Both the vector and axial-vector currents con-
tribute to this decay. The vertex πK∗K¯∗ con-
tributes to the vector part and it is from the
WZW anomaly[3]. The vector matrix element is
obtained
< K¯∗0π−|ψ¯λ+γµψ|0 >= −1√
4ωE
1√
2
NC
π2g2fpi
m2K∗ − i
√
q2ΓK∗(q
2)
q2 −m2K∗ + i
√
q2ΓK∗(q2)
εµναβkνpαǫ
∗σ
β , (7)
where p and k are momentum of K∗ and pion
respectively, q = k + p.
The axial-vector matrix element is obtained by
using the vertices: KaK
∗π, KK∗π. In the chiral
limit, the expression of the matrix element of the
axial-vector current is derived
< K¯∗0π−|ψ¯λ+γµγ5ψ|0 >=
i√
4ωE
1√
2
(
qµqν
q2
− gµν)ǫ∗λσ
{ g
2fam
2
K∗ − iqf−1a ΓK1(1400)(q2)
q2 −m2
K1(1400)
+ iqΓK1(1400)(q
2)
cosθ(AK1(1400)(q
2)K∗g
νλ +BK1(1400)k
νkλ)
+
g2fam
2
K∗ − iqf−1a ΓK1(1270)(q2)
q2 −m2
K1(1270)
+ iqΓK1(1270)(q
2)
sinθ(AK1(1270)(q
2)K∗g
νλ
+BK1(1270)k
νkλ)} (8)
The amplitudes AK1(1400), BK1(1400), AK1(1270),
and BK1(1270) are determined by the decay widths
of K1(1400) and K1(1270).
K1(1400) = cosθKa − sinθKb,
K1(1270) = sinθKa + cosθKb. (9)
The vertex of K1V P is found from Ref.[2]
LK1V P = fabc{AKa1µV bµP c
−BKaµV bν∂µ∂νP c}. (10)
The amplitude AK
∗
Ka
is determined to be
A(q2)K
∗
Ka
=
2
fpi
gfa{
m2Ka
g2f2a
−m2K∗
+m2K∗ [
2c
g
+
3
4π2g2
(1 − 2c
g
)]
+q2[
1
2π2g2
− 2c
g
− 3
4π2g2
(1 − 2c
g
)]}. (11)
BKa is the same as B. The amplitudes A
K∗
Kb
and
BK
∗
Kb
are unknown and we take them as parame-
ters. Both K1(1400) and K1(1270) decay to Kρ
and Kω. Using the SU(3) coefficients, for both
K1, it is determined
B(Kω) =
1
3
B(Kρ).
This relation agrees with data reasonably well.
For the Kρ decay mode AρKb and B
ρ
Kb
are other
two parameters. In the decays of the two K1
mesons the momentum of pion or kaon is low,
therefore, the decay widths are insensitive to the
amplitude B. We take
BK
∗
Kb
= BρKb ≡ Bb.
The decay width of the K1 meson is derived
ΓK1 =
k
32π
1√
q2mK1
{(3 + k
2
m2v
)A2(q2)
−A(q2)B(q2 +m2v)
k2
m2v
+
q2
m2v
k4B2}, (12)
where q2 = m2K1 , v = K
∗, ρ, k is the momentum
of pion or kaon
k = { 1
4m2K1
(m2K1 +m
2
v −m2P )2 − 4m2v}
1
2 ,
mP is the mass of pion or kaon.
we choose the parameters as
θ = 300, AK
∗
b = −4.5GeV, Aρb = 5.0GeV,
Bb = 0.8GeV
−1, (13)
from which the decay widths are obtained
Γ(K1(1400)→ K∗π) = 159MeV,
Γ(K1(1400)→ Kρ) = 10.5MeV,
Γ(K1(1270)→ K∗π) = 12.4MeV,
Γ(K1(1270)→ Kρ) = 26.8MeV. (14)
Using the two matrix elements(7,8), the distri-
bution of the decay rate is derived
dΓ
dq2
(τ− → K¯∗0π−ν) = G
2
(2π)3
sin2θC
128m3τq
4
(m2τ − q2)2
(m2τ + 2q
2){(q2 +m2K∗ −m2pi)2 − 4q2m2K∗}
1
2
{ 6
π4g2f2pi
m4K∗ + q
2Γ2K∗(q
2)
(q2 −m2K∗)2 + q2Γ2K∗(q2)
[(p · q)2 − q2m2K∗ ]
+|A|2[1 + 1
12m2K∗q
2
(q2 −m2K∗)2]
−(BA∗ +B∗A) (q
2 +m2K∗)
24m2K∗q
2
(q2 −m2K∗)2
+
|B|2
48m2K∗q
2
(q2 −m2K∗)4}. (15)
where p is the momentum of K∗, q2 is the invari-
ant mass squared of K∗π, and
A =
g2fam
2
K∗ − i
√
q2f−1a ΓK1(1400)
q2 −m2
K1(1400)
+ i
√
q2ΓK1(1400)
cosθAK
∗
K1(1400)
+
g2fam
2
K∗ − i
√
q2f−1a ΓK1(1270)
q2 −m2
K1(1270)
+ i
√
q2ΓK1(1270)
sinθAK
∗
K1(1270)
,
B =
g2fam
2
K∗ − i
√
q2f−1a ΓK1(1400)
q2 −m2
K1(1400)
+ i
√
q2ΓK1(1400)
cosθBK
∗
K1(1400)
+
g2fam
2
K∗ − i
√
q2f−1a ΓK1(1270)
q2 −m2
K1(1270)
+ i
√
q2ΓK1(1270)
sinθBK
∗
K1(1270)
,
where
AK
∗
K1(1400)
= cosθAK
∗
a − sinθAK
∗
b
BK
∗
K1(1400)
= cosθBa − sinθBb,
AK
∗
K1(1270)
= sinθAK
∗
a + cosθA
K∗
b
BK
∗
K1(1270)
= sinθBa + cosθBb. (16)
In the range of q2, the main decay channels of
K∗ are Kπ and Kη. The decay width of K∗ is
derived
Γ(q2)K∗ =
f2ρpipi(q
2)
8π
k3√
q2mK∗
+cos2200
f2ρpipi(q
2)
8π
k
′3√
q2mK∗
,
k = { 1
4q2
(q2 +m2K −m2pi)2 −m2K}
1
2 ,
k′ = { 1
4q2
(q2 +m2K −m2η)2 −m2K}
1
2 .
In ΓK1(q
2) the decay modes K∗π, Kρ and Kω
are included
Γ(q2)K1 =
k
32π
1√
q2mK1
{(3 + k
2
m2K∗
)A2(q2)K∗
−A(q2)K∗B(q2 +m2K∗)
k2
m2K∗
+
q2
m2K∗
k4B2}
+
4
3
k′
32π
1√
q2mK1
{(3 + k
2
m2ρ
)A2(q2)
−A(q2)B(q2 +m2ρ)
k2
m2ρ
+
q2
m2ρ
k4B2},
k = { 1
4q2
(q2 +m2K∗ −m2pi)2 −m2K∗}
1
2 ,
k′ = { 1
4q2
(q2 +m2K −m2ρ)2 −m2K}
1
2 . (17)
For K1(1270), Γ(K1(1270) → K∗0 (1430)π) =
25.2MeV is included. The branching ratio is cal-
culated
B(τ− → K¯∗0π−ν) = 0.23%,
The contribution of the vector current is about
7.4%. Therefore, Ka is dominant in this decay.
The data are
0.38± 0.11± 0.13%(CLEO)
0.25± 0.10± 0.05%(ARGUS)
There is another decay channel τ− → K∗−π0ν
whose branching ratio is one half of B(τ− →
K¯∗0π−ν. The total branching ratio is
B(τ− → K¯πν) = 0.35%,
The width is about 230MeV.
6. τ → Kρν and Kων
It is the same as τ → K∗πν, Ka dominates
the decay τ → Kρν. Both the vector and axial-
vector currents contribute to this decay mode.
The matrix element of the vector current, <
K¯0ρ−|ψ¯λ+γµψ|0 > is determined by the abnor-
mal vertex LK∗Kρ(47). The axial-vector matrix
element < K¯0ρ−|ψ¯λ+γµγ5ψ|0 > is obtained by
substituting
K∗ → ρ, K → π
in Eq.(8). Using the same substitutions in
Eq.(15), the distribution of the decay rate of
τ → Kρν is found. The branching ratio of
τ → Kρν(two modes K¯0ρ− and K−ρ0) is com-
puted to be
B = 0.75× 10−3. (18)
It is about 18% of τ → Kππν. The vector cur-
rent makes 8% contribution. The DELPHI has
reported that τ → K∗πν is dominant the decay
τ → Kππν andKρν decay mode has not been ob-
served. The recent ALEPH’s results are the K∗π
dominance and a branching ratio of 30± 11% for
the Kρ mode.
Due to the SU(3) coefficient we expect
B(τ → Kων) = 1
3
B(τ → Kρν).
7. τ → K∗η
There are vector and axial-vector parts in this
decay. The calculation of the decay rate is similar
to the decay of τ → K∗πν. The vertices LK∗K¯∗η
and LWK∗η via the Lagrangian LV s contribute to
the vector part and the vertices LK1K∗η, LKK∗η,
and LWK∗η via LAs take the responsibility for
the axial-vector part. The vertex LK∗K¯∗η comes
from anomaly. Using the same method deriving
the vertices ηvv (in Ref.[2]) , it is found
LK∗K¯∗η = − 3a
2π2g2fpi
dab8ε
µναβη∂µK
a
ν∂αK
b
β
− 3b
2π2g2fpi
εµναβη∂µK
a
ν∂αK
a
β , (19)
where a and b are the octet and singlet compo-
nent of η respectively, a = cosθ, b =
√
2
3cosθ,
and θ = −200. Due to the cancelation between
the two components the vector matrix element is
very small and can be ignored.
The vertices LK1K∗η and LKK∗η contribute to
the axial-vector matrix element and they are de-
rived from the effective Lagrangian presented in
Ref.[2].
LK1K∗η = afab8{A(q2)K∗KaµKbνη
−BKaµKbν∂µνη},
LK∗Kη = afK∗Kηfab8Kaµ(Kb∂µη − η∂µKb),
where fK∗Kη is the same as fρpipi in the limit of
mq = 0. The decay width is similar to the one of
τ → K∗πν
dΓ
dq2
(τ− → K∗−ην) =
G2
(2π)3
cos2200
sin2θC
64m3τq
4
(m2τ − q2)2
(m2τ + 2q
2){(q2 +m2K∗ −m2pi)2 − 4q2m2K∗}
1
2
{ 1
2π4g2f2pi
m4K∗ + q
2Γ2K∗(q
2)
(q2 −m2K∗)2 + q2Γ2K∗(q2)
}
[(p · q)2 − q2m2K∗ ]
+
3
4
{|A|2[1 + 1
12m2K∗q
2
(q2 −m2K∗)2]
−(BA∗ +B∗A) (q
2 +m2K∗)
24m2K∗q
2
(q2 −m2K∗)2
+
|B|2
48m2K∗q
2
(q2 −m2K∗)4]}}. (20)
The branching ratio is computed to be
B = 1.05× 10−4.
The contribution of the vector current is 3.3% and
the axial-vector current is dominant.
8. Strong anomaly of PCAC
τ → ωρν
Only the axial-vector currents contribute to τ →
ωρν. At the tree level Lωρpi is the only vertex
involved in this decay channel
Lωρpi = − NC
π2g2fpi
εµναβ∂µων∂αρ
i
βπ
i. (21)
This vertex has been tested by τ → ωπν, π0 →
2γ, ω → πγ, ρ→ πγ, and ω → 3π.
The matrix element of the axial-vector current
is obtained
< ωρ−|ψ¯τ+γµγ5ψ|0 >= − i√
4E1E2
NC
π2g2
qµ
q2
ελναβ
p1λp2νǫ
∗
α(p1)ǫ
∗
β(p2). (22)
In the limit mq = 0, the axial-vector current is
not conserved in this process. The pion exchange
dominates this decay.
The decay width is
Γ =
G2
128mτ
cos2θC
(2π)3
9
π4g4
∫ m2τ
q2
min
dq2
1
q6
(m2τ − q2)2
∫ (√q2−mω)2
4m2pi
dk2[(q2 +m2ω − k2)2 − 4q2m2ω]
3
2
1
π
√
k2Γρ(k
2)
(k2 −m2ρ)2 + k2Γ2ρ(k2)
, (23)
where q2min = 2mpimτ +
mτm
2
ω
mτ−2mpi
, k2 is the invari-
ant mass of the two pions and
Γρ(k
2) =
f2ρpipi(k
2)
48π
k2
mρ
(1− 4m
2
pi
k2
)3. (24)
The branching ratio is computed to be
B = 0.16× 10−4.
The nonconservation of the quark axial-vector
currents found in the matrix elements shows that
there is anomaly in the PCAC. Taking one ab-
normal term as an example of the strong anomaly
of the PCAC, the PCAC with strong anomaly is
written as
∂µψ¯τiγµγ5ψ = −m2pifpiπi+
NC
π2g2
εµναβ∂µων∂αρ
i
β .(25)
The abnormal term originates in the WZW
anomaly.
On the other hand, using the VMD we derive
∂µψ¯τiγµγ5ψ = −m2pifpiπi +
NC
π2g2
εµναβ∂µων∂αρ
i
β
+
α
4π
εµναβFµνFαβδ3i
+
e
4π2g
εµναβFµν∂αρ
i
β
+
3e
4π2g
εµναβ∂µωνFαβδ3i. (26)
The background of this process comes from
τ → ω(ππ)nonρν. Only the axial-vector currents
contribute to τ → ω(ππ)nonρν. There are two
kinds of vertices involved in this decay channel.
These vertices are derived from the effective chiral
theory of mesons[2] in the chiral limit.
1. The vertices ωπππ and ωa1ππ are
Lωpipipi = 2
π2gf3pi
(1− 6c
g
+
6c2
g2
)εµναβ
ǫijkωµ∂νπi∂απj∂βπk
Lωa1pipi = − 6
π2g2f2pi
(1− 1
2π2g2
)−
1
2
(1− 2c
g
)εµναβǫijk∂νωµa
i
α∂βπk. (27)
These two vertices are from the WZW
anomaly[2]. Using these vertices and LA,
the matrix element of the axial-vector cur-
rent is obtained
< ωπ0π−|ψ¯τ+γµγ5ψ|0 >(1)= i√
8ω1ω2E
6
π2gf2pi
ενλαβǫ∗λpα(k2 − k1)β
{(qµqν
q2
− gµν)(1− 2c
g
)
g2f2am
2
ρ − i
√
q2Γa(q
2)
q2 −m2a + i
√
q2Γa(q2)
+
qµqν
q2
2c
g
(1− 2c
g
)}, (28)
where k1, k2, and p are momentum of π
0,
π−, and ω respectively, q = k1+k2+p. The
equation shows that the matrix element ob-
tained from the WZW anomaly is not con-
served in the limit of mq = 0. The pion
exchange is dominant in the term which vi-
olates the conservation of the quark axial-
vector current in the chiral limit.
2. The second kind of vertices are vertices
a1ρπ, ρππ, Wρπ and ωρπ. The vertex ωρπ
is from the WZW anomaly. Using the ver-
tex La1ρpi, the decay width of a1 meson is
derived
Γa(q
2) =
k
12πma
√
q2
{(3 + k
2
m2ρ
)A2
− k
2
m2ρ
(q2 +m2ρ)AB +
q2
m2ρ
k4B2}, (29)
where
k = { 1
4q2
(q2 +m2ρ −m2pi)2 −m2ρ}
1
2 .
Using LA and the vertices, the second part
of the matrix element of the axial-vector
current is obtained
< ωπ0π−|ψ¯τ+γµγ5ψ|0 >(2)
=
i√
8ω1ω2E
(
qµqν
q2
− gµν)
3
π2g2fpi
g2fam
2
ρ − if−1a qΓa(q2)
q2 −m2a + iqΓa(q2)
ενλαβǫ∗λpα{
A(k2)k2β
k2 −m2ρ + i
√
k2Γρ(k2)
− A(k
′2)k1β
k
′2 −m2ρ + i
√
k
′2Γρ(k
′2)
}
+
i√
8ω1ω2E
(
qµqν
q2
− gµν) 3
π2g2fpi
g2fam
2
ρ − iqf−1a Γa(q2)
q2 −m2a + iqΓa(q2)
εσλαβǫ∗σpλk2αk1β(−B)
{ k2ν
k
′2 −m2ρ + i
√
k
′2Γρ(k
′2)
+
k1ν
k2 −m2ρ + i
√
k2Γρ(k2)
}, (30)
where k1, k2, p are momentum of π
0, π−,
and ω mesons respectively, q = p+ k1 + k2,
k = q−k1, k′ = q−k2, A(k2) and A(k′2) are
defined by Eq.(16) by taking p2 = k2, k
′2 re-
spectively. This part of the matrix element
observes the axial-vector current conserva-
tion in the limit mq = 0 and there is a1
dominance.
The theory makes explicit prediction on this de-
cay The branching ratio is computed to be
B = 0.37%.
The data are 0.39 ± 0.04 ± 0.04% (CLEO) and
0.41± 0.08± 0.06%(ALEPH).
9. Summary of other results
The decay τ → K∗Kν is calculated[3]. Both
the vector and axial-vector currents contribute to
this process. For the vector part only the ρ me-
son is taken into account. The vertex is K∗Kρ
from WZW anomaly. The vector current makes
92.5% contribution. The peak of the spectrum
is at 1.5GeV. The theoretical result of the decay
rate is compatible with the data.
The K∗ meson is dominant the decay τ →
ηKν[3]. The vertex ηK∗K has a form factor
which is the same as fρpipi(q
2). We obtain[3]
B = 2.22× 10−4.
The decays, τ → ηππν and η′ππν are calcu-
lated in terms the theory[3]. Besides the vertices
ηρρ and η′ρρ, there are contact terms. It is found
that the contributions of the contact terms are
negligible. The theoretical results are
B(τ → η2πν) = 1.9× 10−3,
B(τ → η‘2πν) = 0.44× 10−5.
10. Conclusions
1. So far, the theory agrees with data reason-
ably well.
2. In two flavor cases the a1 dominance is as-
sociated with PCAC.
3. The dominance of pion exchange is associ-
ated with the strong anomaly of PCAC.
4. Ka dominates the axial-vector currents of
∆s = 1.
5. The momentum dependeces of the vertices
VPP and AVP are very important in under-
standing the τ mesonic decays.
6. The new formula of the resonance of the
axial-vector meson doesn’t have the “chiral
limit“ at low q2.
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